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Abstract 
  
Cooking, as now performed, consumes up to 40% of the basic 
energy consumption of most rural and urban populations in many 
developing areas. In most cases, only traditional fire wood or agricultural 
residues were used. In recent times, some attempts were carried out to 
introduce advanced wood stoves for cookers to reduce fuel wood 
consumption. These efforts as well as reforestation support and enhance 
the use of solar cookers. 
 
The objective of this research is to study the possibility of using 
solar energy to construct a solar cooker by using tilted flat plate collector 
connected to an insulated box cooker. 
 
The performance of the solar cooker was compared when using 
water as a heat transfer fluid and then when using peanut oil. 
   
The maximum temperature reached by using water as a heat 
transfer fluid in the cooking pot was 62˚C and 60˚C by using peanut oil 
  
  
  
  
  
    
V 
  ﺍﻟﺒﺤﺙﻤﺴﺘﺨﻠﺹ   
ﻤﻥ ﺍﻟﻁﺎﻗﺔ ﺍﻷﺴﺎﺴﻴﺔ ﺍﻟﻤﺴﺘﻬﻠﻜﺔ ﻟﻐﺎﻟﺒﻴﺔ  %04ﻬﻠﻙ ﺇﻋﺩﺍﺩ ﺍﻟﻁﻌﺎﻡ ﺍﻵﻥ ﻨﺴﺒﺔ ﺘﺼل ﺇﻟﻰ ﻴﺴﺘ
  .ﺴﻜﺎﻥ ﺍﻟﺭﻴﻑ ﻭﺍﻟﺤﻀﺭ ﻓﻲ ﻜﺜﻴﺭ ﻤﻥ ﺍﻟﺩﻭل ﺍﻟﻨﺎﻤﻴﺔ
ﺃﺠﺭﻴﺕ . ﻤﻌﻅﻡ ﺍﻟﺤﺎﻻﺕ ﻴﺴﺘﺨﺩﻡ ﻓﻴﻬﺎ ﺤﻁﺏ ﺍﻟﻭﻗﻭﺩ ﺍﻟﺘﻘﻠﻴﺩﻱ ﺃﻭ ﺍﻟﻤﺨﻠﻔﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ
ﺤﻁﺏ ﻤﺘﻘﺩﻤﺔ، ﻫﺫﻩ ﺒﻌﺽ ﺍﻟﻤﺤﺎﻭﻻﺕ ﻟﺘﻘﻠﻴل ﺍﻻﺴﺘﻬﻼﻙ ﺍﻟﻨﻬﺎﺌﻲ ﻤﻥ ﺍﻷﺨﺸﺎﺏ ﺒﺘﻘﺩﻴﻡ ﺃﻓﺭﺍﻥ 
  .ﺍﻟﻤﺠﻬﻭﺩﺍﺕ ﺒﺎﻹﻀﺎﻓﺔ ﻻﻋﺎﺩﺓ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻲ ﺘﺩﻋﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻁﺒﺎﺨﺎﺕ ﺍﻟﺸﻤﺴﻴﺔ
ﺍﻟﻬﺩﻑ ﻤﻥ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻫﻭ ﺩﺭﺍﺴﺔ ﺍﻤﻜﺎﻨﻴﺔ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻁﺎﻗﺔ ﺍﻟﺸﻤﺴﻴﺔ ﻓﻲ ﺇﻨﺸﺎﺀ ﻁﺒﺎﺥ 
  .ﺸﻤﺴﻲ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻤﺠﻤﻊ ﺸﻤﺴﻲ ﻤﺎﺌل ﺫﻭ ﻟﻭﺤﺔ ﻤﺴﺘﻘﻴﻤﺔ ﻭﻤﻭﺼل ﻤﻊ ﺼﻨﺩﻭﻕ ﺍﻟﻁﻬﻭ ﺍﻟﻤﻌﺯﻭل
ﺥ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺎﺀ ﻜﻭﺴﻴﻁ ﻟﻨﻘل ﺍﻟﺤﺭﺍﺭﺓ ﻤﻥ ﺍﻟﻤﺠﻤﻊ ﺇﻟﻰ ﺼﻨﺩﻭﻕ ﺜﻡ ﻤﻘﺎﺭﻨﺔ ﺃﺩﺍﺀ ﺍﻟﻁﺒﺎ
  .ﺍﻟﻁﻬﻭ ﻤﺭﺓ، ﻭﺍﺴﺘﺨﺩﺍﻡ ﺯﻴﺕ ﺍﻟﻔﻭل ﻜﻨﺎﻗل ﻟﻠﺤﺭﺍﺭﺓ ﻤﺭﺓ ﺃﺨﺭﻯ
وﺑﺎﺳﺘﺨﺪام Cº26  داﺧﻞ إﻧﺎء اﻟﻄﻬﻲ ﺑﺎﺳﺘﺨﺪام اﻟﻤﺎء هﻲ  أﻋﻠﻰ درﺟﺔ ﺣﺮارة ﺗﻮﺻﻠﻨﺎ اﻟﻴﻬﺎ  
 . Cº06زﻳﺖ اﻟﻔﻮل هﻲ 
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Chapter One 
Introduction 
           Since the Oil embargo of 1973, world attention has turned to the 
problem of diminishing fossil fuel supplies and to the search for 
alternative energy. 
Long before 1973, it was becoming apparent that the less developed 
countries would be facing energy problems quite different from those 
which would be faced by the developed countries in the 1970's with a low 
technological base and immature economic development. The less 
developed countries depend heavily upon man or animal power for 
mechanical energy and upon forest and agricultural products for thermal 
energy. One of the most popular and perhaps the most alternative energy 
is solar energy [1]. 
 
1.1Solar Energy: 
            Sun is a very large, inexhaustible source of energy. The power 
from the sun intercepted by the earth is approximately 1.8 x 1011MW, 
which are many thousands of times larger than the present consumption 
rate on the earth of all commercial energy sources. Thus in principle, 
solar energy could supply all the present and future energy needs of the 
world on a continuing basis. This makes it one of the most promising of 
the unconventional energy sources [2]. 
 
A broad classification of the various methods of solar energy 
utilization is given in Fig. 1.1. It can be seen that the energy from the sun 
can be used directly and indirectly. The direct means include thermal and 
photovoltaic conversion, while the indirect means include the use of 
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water power, the wind, biomass and the temperature differences in the 
ocean [2]. 
 
 
 
Fig. 1.1 Classification of Methods for Solar Energy Utilization 
  
1-2 Thermal Conversion and Collection: 
           The sun's direct and diffused rays can be collected by any 
collection device. The principle usually followed is to expose a dark 
surface to solar radiation so that the radiation is absorbed. A part of the 
absorbed radiations then transferred to a fluid like air or water. The flat 
plate collector is the most important type of solar collector. It can be used 
for a variety of applications in which temperatures ranging from 40°C to 
about 100°C are required [2]. 
When temperatures higher than 100°C are required, it becomes 
necessary to concentrate the radiation. This is achieved by using focusing 
or concentrating collectors.  
There are many thermal applications most of them use one or more 
of the collection devices like: 
1. Water heating. 
Solar Energy Utilization 
Direct Methods Indirect Methods  
Water power Wind Biomass Ocean 
Temperature 
Differences 
Thermal 
 
Photovoltaic 
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2. Space heating. 
3. Power generation. 
4. Space cooling and refrigeration  
5. Distillation. 
6. Drying 
7. Cooking. 
 
1.3 Solar Cooking: 
Cooking is an important domestic thermal application. A solar 
cooker is by definition a device which utilizes the sun’s rays to provide 
heat for cooking meals, the heat provided may be used to boil, roast, or 
bake the food [3]. 
Several basic types of solar cookers have been developed to date. These 
cookers are broadly divided into three types: 
i) Direct or focusing type. 
ii) Indirect or box type. 
iii) Advance or separate collector and cooking chamber type. 
 
1.4 Thermal Energy Storage: 
             It has been noted earlier that the need for storage arises because 
in many situations, there is a mismatch between the availability of solar 
energy and the need of the application for which is being used. 
There are three basic methods for storing thermal energy [2]: 
1. Heating a liquid or a solid which does not change phase. This 
called sensible heat storage. 
2. Heating a material which undergoes a phase change (unusually 
melting). This called latent heat storage. 
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3. Using heat to produce a certain chemical reaction and then 
storing the product.  
 
 
1.5 Objective of the Present Work: 
The main objective of this work is to test the possibility of using a 
flat plate collector to supply heat to suit a solar cooker device by: 
1. Connecting a cooker box to the flat plate collector using natural 
circulation. 
2. Using peanut oil as a heat transfer fluid instead of water to 
compare the performance of the system. 
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Chapter Two 
Literature Review 
 
2.1 Introduction: 
             On world wide bases, wood is considered as the fourth most 
important source of energy after oil, coal and natural gas. For the world as 
a whole, 50% of the wood consumed as fuel is used for cooking. Many 
less developed countries depend upon wood as their major source of fuel. 
In rural areas of the third world where wood is readily available, nearly 
95% of the households use it as primary source of energy and it has been 
referred to as the poor man's oil [1]. 
One alternative to cover the energy demand for cooking purposes 
would be to harness solar energy in solar cooking. 
 
2.2 Historical Background of Solar Cookers: 
             Cooking food for human consumption using solar energy has 
been thought of for along time. Several devices which enable the rural 
population to use the sun's energy to prepare food have been 
experimented in the past. The preparation in foodstuffs for later 
consumption by means of drying vegetables, crops, and cereals as well as 
the making of foods such as tomato paste has been practiced for centuries 
and is still being widely used. However, the use of a device for cooking 
meals for daily consumption is rather new [3]. 
        The invention of solar cookers is credited to Mouchot around 1860, 
who had been commissioned by the French Emperor, Napoleon III, to 
develop solar cooking devices for the French colonial troops in Africa 
[3]. 
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2.3 Types of Solar Cookers: 
Solar cookers could be designed in various configurations and 
could be described according to the type of cooker as: (a) simple direct 
solar cooking devices where the cooking takes place at the point of solar 
concentration and collection (b) advanced solar cookers in which the 
thermal energy from the solar collector is transferred to a remote cooker 
by means of some heat transfer fluid. Solar cookers could be classified 
according to their use or more scientifically according to ways of 
collecting the incident solar radiation as follows [3]: 
1. Non-tracking solar cookers which utilize direct radiation and 
diffuse radiation. 
2. Manually tracking, or occasionally adjusted solar cookers which 
utilize direct radiation and diffuse radiation. 
3. Tracking or occasionally oriented cookers which utilize the 
direct radiation component only. 
 
The following are going to be some of the most widely used solar cooker 
types: 
2.3.1 Box type solar cooker: 
This cooker is the simplest one, it is designed as sheet metal box 
with double walls with insulation in between the lid and is made of two 
planes of glass, the interiors of this is blackened for sun absorption. This 
type of cooker depends on "the green house effect" in which the 
transparent glazing permits the passage of shorter wave length solar 
radiation and forbid the long wave radiation. The temperature in the box 
is about 50-60C above the outside temperature [4]. 
The box type is shown in Fig. 2.1. 
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Fig. (2.1) Box Type Cooker 
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2.3.2 Hot box type solar cooker: 
This type of cooker is similar to the above described box type 
cooker except for two alterations ; the glass lid is inclined at an angle 
equal to the latitude of the place and a second lid is added with a mirror to 
reflect additional sun rays into the box. The advantages & disadvantages 
of these two types of cookers are: [4] 
Advantages:  
- Simplicity of construction and operation and maintenance.   
- They are not constructed to permit tracking the sun. 
- They are inexpensive and durable.  
- Very little attention is needed during cooking.  
Disadvantages: 
- They are only used for slow cooking of foods  
- Cooking can not be done under cloudy conditions and cooking 
has to be done outdoors. 
-The inner metal liner may require repainting periodically.           
 
2.3.3 Parabolic concentrator cookers: 
The most familiar type of solar cooker is the parabolic dish 
collector which heats food either directly on in a bowl or pan placed at 
the focus of the collector these collectors have been the subject of 
continuous investigation throughout the past 100 years. [2] 
Advantages: include high cooking temperatures, virtually any of food can 
be cooked and short heat-up times are possible.  
Disadvantages: are their size, cost, the risk of fire and burns and the 
inconvenience to adjust the cooker. Most direct-focusing cookers are also 
unstable at wind speeds exceeding 10km/h and are sometimes considered 
inconvenient to use because the glare can be uncomfortable to the cook. 
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Fig. (2.2) parabolic concentrator cooker 
 
2.3.4 Flat plate solar steam cooker: 
This cooker is working on the basis of a flat plate collector. The steam 
produced by the boiling water in this collector is led to the insulated 
steam cooker in which the food containing pots are placed. The steam 
condenses on the sides of the pots and thus the food inside is heated. 
Cooking times are about 30% longer when compared with traditional 
fuels.  
 
The advantages are: 
Some heating is obtained during cloudy periods for long operation. 
It is not difficult to construct, and materials are readily available. It is 
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rigid and rugged, and minimum of alternation is required to cook food. 
[3] 
The disadvantage: 
It requires cooking outdoors and cooking must be done at an 
elevated height of about 1.8m and that can only boil foods slowly. 
 
2.4 Flat Plate Collector: 
Solar collectors are the heart of most solar energy systems. The 
collector absorbs the sun’s light energy and changes it into heat energy. 
This energy is then transferred to a fluid or air which is used to warm 
buildings, heat water, generate electricity, dry crops or cook food. Solar 
collectors can be used for nearly any process that requires heat.  
Flat-plate collectors are the most common collectors for residential water 
heating and space-heating installations. 
It can be used for a variety of applications in which temperatures 
ranging from 40oC to about 100oC are required. The basic elements 
making up a conventional liquid flat plate collector are: 
i) The absorber plate 
ii) The tubes fixed to the absorber plate through which the 
liquid to be heated flows,  
iii) The transparent covers, and 
iv) The insulated container. 
 
The main advantage of a flat plate collector is that it utilizes both 
the beam and diffuse component of solar radiation. In addition, because 
of it simple stationary design, it requires little maintenance. The principal 
disadvantages form which it suffers is that because of the absence of 
optical concentration, the area from which heat is lost is large. As a result, 
the collection efficiency is generally low. [2] 
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The liquid heated is generally water. The absorber plate is usually 
made form metal sheet 1 to 2 mm in thickness while the tube, which are 
also of metal, range in diameter from 1 to 1.5 cm. they are soldered, 
brazed or clamped to the bottom lin some cases, to the top of the absorber 
plate with the pitch ranging form 5 to 15 cm. The metals most commonly 
used are copper, aluminum, galvanized iron and steel. The header pipes, 
which lead the water in and out of the collector and distribute it to the 
tubes are made of the same metal as the tubes and are of slightly larger 
diameters. Glass is the most favored material for the transparent covers. 
Thicknesses of 3 or 4 mm are commonly used. The usual practice is to 
use single or double glazing with spacing ranging from 1.5 to 3cm. 
The insulation on the bottom and sides is usually mineral wool or 
glass wool and has thickness ranging form 5 to 8 cm. the whole assembly 
is contained within a sheet metal container which is tilted at a suitable 
angle see Fig.2.3.  
The face areas of most commercially available collectors range 
from 1 to 2m2 with the length (along the sloping directing) being usually 
larger than the width [2]. 
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Fig. (2.3) flat-plate collector 
 
 
 
 2.5 Heat Transfer Fluids for Active Solar Systems: 
The most commonly used fluids in active solar systems are water, 
propylene glycol, ethylene glycol and air, less common fluids are 
synthetic hydrocarbons, paraffin hydrocarbons, aromatic refined mineral 
oils, silicones and refrigerants. 
When selecting a heat transfer fluid, one should consider the 
following criteria: the coefficient of expansion, viscosity, thermal 
capacity, freezing point (considering cold climates), boiling points, and 
flash points. For fluid exposed to high temperatures, as in desert climate, 
should have a high boiling point. Viscosity and thermal capacity 
determine the amount of pumping energy required. A fluid with low 
viscosity and high specific heat is easier to pump, because it is less 
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resistant to flow and transfer more heat, other properties that help to 
determine the effectiveness of a fluid are its corrosiveness and stability 
[5]. 
In addition to higher operation temperature there are other several 
requirements for a heat transfer fluid such as [10]: 
? It shall allow for a simple and safe operation. 
? It shall allow for a simple storage concept. 
? It shall not be toxic or flammable. 
? It shall be cheap.   
2.6 Thermo Physical Properties of Vegetable Oils: 
Vegetable oils have high temperature flammability properties. 
Jamson has tabulated smoke, flash and fire points for several of these oils. 
Flash points have been recorded at approximately (327oC) and fire points 
at (354-360 oC). The spontaneous ignition point is also an important 
property, and published data shows that some of these oils (e.g soybean) 
have ignition points as high as (445oC). 
Boiling points of vegetable oils were observed in the range of (375oC – 
381oC). These oils are considered satisfactory as high temperature solar 
system coolants.  
It is believed that the vegetable oils are much safer than other 
fluids. These oils are commonly used in or around food products and non-
toxic. Although some of these oils will produce corrosion in copper pipes, 
if oxygen is present, there is no evidence to date that these oils will 
accelerate corrosion in closed system, provided moisture content is low. 
Their relative low cost is another attractive feature for using them in solar 
systems [5]. 
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Chapter Three 
Theoretical Approach 
 
3.1 The Solar Angles: Basic Earth Sun Angles: 
 
3.1.1 The Latitude (Ф): 
The latitude of a point on the surface of the earth is its angular 
distance north or south of the equator measured from the centre of the 
earth. 
The experimental were carried out in Khartoum, Khartoum is a city with: 
Longitude ≈ 32o east and latitude ≈ 15o north. 
 
3.1.2 The hour angle (ω): 
It is the angle of the location’s position away from solar noon 
caused by the earth’s rotation. It is defined to be negative in the morning 
and positive in the afternoon. 
 
ω o = hours from solar noon x 360/24     (3.1) 
 
3.1.3 The declination angle (δ): 
It is the apparent inclination of the axis of the earth’s rotation 
toward the sun with respect to a cylinder through and perpendicular to the 
earth orbit. It varies from + 23.45 to -23.45 over the course of a year. 
 
⎥⎦
⎤⎢⎣
⎡ ⎟⎠
⎞⎜⎝
⎛ −= 360
370
80sin45.23 xNoδ      (3.2) 
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3.1.4 The surface azimuth angle (γ) 
It is the deviation of the projection on a horizontal plane of the 
normal to the surface from the local meridian, with zero due south, east 
negative, and west positive; -180°≤ γ ≥180° 
3.1.5The slope (β) 
It is the angle made by the plane surface with the horizontal. 
 
3.1.6 The incident angle (θ): 
It is the angle between the direct radiation beam from the sun and a 
line normal to a plane surface tilted upward at an angle β from the 
horizontal. The incident angle can be given as: 
( )
( )
βωγδ
βγδβωδφ
βωγδβδφθ
sinsinsincos
sincossincoscoscoscos
sincoscoscoscossinsincos
+
−+
+=
          (3.3) 
For a surface facing south γ = 0o   
Where γ = the surface azimuth angle 
( )βϕωδβϕδθ −+−= coscoscos)(sinsincos                              (3.4) 
3.1.7 Altitude angle (α): 
It is a vertical angle between the projection of the sun’s rays on the 
horizontal plane and the direction of sun’s rays (Passing through points) 
Sinα =cosφcosδcosω + sinφsinδ                                       (3.5) 
3.1.8 Zenith angle (θz): 
It is complementary angle of sun’s altitude angle. It is the vertical 
angle between the sun’s rays and a line perpendicular to the horizontal 
plane through the points. 
απθ −=
2
z         (3.6) 
δϕωδϕαθ sinsincoscoscossincos +==z       (3.7)  
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3.2 Solar Noon: 
For calculation of solar noon in Khartoum on the days of the 
experiments, the following equation is used: 
60/15/ EQTlongitudeTZLCTAST +−+=                (3.8) 
 
Where: 
ACT = the apparent solar time, 
LCT = the local clock time. 
TZ = the time zone 
EQT = the equation of time 
For N> 259, the equation of time is calculated as follows: 
EQT = [18.6 sin (N-242) / 0.685)] 2.5                   (3.9) 
For Khartoum, TZ = -3 
3.3 The Tilt Factors: 
   3.3.1 The tilt factor for beam radiation (rb): 
The ratio of the beam radiation flux falling on a tilted surface to 
that falling on a horizontal surface.  
z
br θ
θ
cos
cos=        (3.10) 
   3.3.2 The tilt factor for diffuse radiation (rd): 
It is the ratio of the diffuse radiation flux falling on the tilted 
surface to that falling on a horizontal surface. 
2
cos1 β+=dr        (3.11) 
For a tilt angle of 30o, rd = 0.933 
   3.3.3 The tilt factor for reflected radiation (rr): 
 It is the tilted factor for reflected radiation: 
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⎟⎠
⎞⎜⎝
⎛ −=
2
cos1 βρrr       (3.12) 
Where ρ is the reflectivity of the surroundings, for ordinary ground 
ρ = 0.2 
Therefore rr = 0.0134 
 
3.4 Transmissivity (τ): 
Radiation impinging on the surface of a body may be partly 
absorbed, partly transmitted, and partly reflected and the fraction of 
incident radiation transmitted is called transmissivity. 
Most real materials are only partially transparent with 0<τ<1 
For each two types of radiation (beam of diffuse), there are two types of 
transmissivty. 
 
3.4.1 Beam Radiation Transmittance: 
The two types of beam radiation transmittance are: 
1. Reflection transmittance  
2. Absorption transmittance  
 
3.4.1.1 The reflection transmittance (τrNb): 
The reflection transmittance depends on refractive index ‘n’ and 
the angle of incidence ‘θ’ or the angle of refraction ‘θr’. the reflection 
transmittance of N covers for beam radiation falling at on angle of 
incidence θ can be calculated by:  
( ) ( )( )
( )
( )( )⎥⎦
⎤⎢⎣
⎡
−+
−+−+
−=
Π
Π
rN
r
rN
r
I
I
rNb 121
1
121
1
2
1θτ   (3.13) 
Where  
rI is the perpendicular reflection ratio, 
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 rΠ is the parallel reflection ratio 
( ) ( )( )θθ
θθθ +
−=
r
r
Ir 2
2
sin
sin
      (3.14) 
( ) ( )( )θθ
θθθ +
−=Π
r
rr 2
2
tan
tan        (3.15) 
    θ
θ
sin
sin1 r
n
=         (3.16) 
The average refractive index ‘n’ of glass in solar spectrum is 1.526 
 
3.4.1.2 The absorption transmittance (τaNb): 
The absorption transmittance depends on the angle of incidence 
‘θ’, the total thickness of cover of the same material ‘L’ and the 
extinction coefficient of cover ‘K’. 
K is a constant of proportionality and it is and it is a property of the 
cover materials. Its value varies from lim-1 to 32 m-1 depending on the 
quality of glass. 
The apsorbtane transmittance of N covers for beam radiation 
falling at an angle of incidence can be calculated by  
( ) rkLaNb e θθτ cos/−=      (3.17) 
 
3.4.2 The overall Beam Radiation covers transmittance 
The overall Beam Radiation cover transmittance can be calculated by: 
( ) ( ) ( )θτθτθτ aNbrNbNb x=      (3.18) 
 
3.4.3 Diffuse radiation transmittance : 
The preceding analysis applies only to the beam component of 
solar radiation. Radiation incident on a collector also consists of scattered 
solar radiation from the ground, the radiation comes form many 
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directions. Practically, it was assumed that the diffuse radiation is 
equivalent to beam radiation coming at an angle of 60o [2].  
In other words, beam radiation incident at an angle of 60o has the 
same transmittance as isotropic diffuse radiation for diffuse radiation:  
The angle of refraction [ ] 01 58.34526.1/60sinsin == −rθ  
Form equation (3.14), rI(60) = 1.85 
From equation (3.15), rII (60) = 0.001 
From equation (3.13), τr(60) = 0.842 
For τα(60) equation (3.17). was used with L=5mm = 0.005m, and the 
value of K was 32m-1 because the glass has greenish cast of edge. 
τa(60) = 0.823 
The overall cover transmittance for diffuse radiation, from equation 
(3.18) is: 
τd(60)=0.693  
3.5 Absorptivity ‘α’: 
The fraction of incident radiation absorbed by the cover system is 
called the absorptivity. 
The abortivity of beam radiation at an angle θ can be approximated as: 
( ) ( )θτθα abb −= 1       (3.19) 
For the diffuse radiation: 
αd (θ) = 1-τa(60) = 1-0.823 = 0.177  (3.20) 
3.6 Reflectivity ‘ρ’ 
The fraction of incident radiation reflected by the cover system is called 
the reflectivity. 
The reflectivity of the beam radiation at an angle θ can be calculated by 
[11]: 
ρd (θ) = τab(θ) - τb(θ)      (3.21) 
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The reflectivity of the diffuse radiation at an angle θ can be calculated by: 
ρd(θ) = ρd(60)       (3.22) 
Therefore, ρd(θ) = 0.823 – 0.693 = 0.13 
 
 
3.7 Transmissivity – Absorptivity Product (τα): 
The transmissivity – absortivity product is defined as the ratio of 
the flux absorbed in the absorber plate to the flux incident on the cover 
system and is denoted by the symbol (τα). It consists of two types: 
 
3.7.1 Transmissivity – Absorptivity product for beam radiation (τα)b  
(τα)b can be calculated by  
( ) ( ) dbb
x
ρα
αττ
ρ
ρ
α −−= 11       (3.23) 
Where αp is the plate absorptance, and it equals 0.95. 
3.7.2 Transmissivity – Absortivity product for diffuse radiation (τα)d 
(τα)d can be calculated by: 
( ) ( ) dppbb
x
ρα
αττα −−= 11       (3.24) 
 
Equation 3.23 is used by substituting: 
τd = 0.693 and αp   = 0.95 
Transform (τα)d = 0.663 
 
3.8 The energy absorbed by the absorber plate ‘S’  
The energy absorbed in the absorber plate S in W/m2 can be 
calculated by: 
 S = Ib rb (τα)b + [Id rd + (Ib + Id) rr] (τα)d  (3.25) 
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3.9 The overall loss coefficient ‘UI’: 
The overall loss coefficient is a measure of all the heat losses that 
occur, it is measured in W/m2K and calculated by: 
UI = Ut + Ub + Us       (3.26) 
Where  
Ut: is the top loss coefficient, 
Ub: is the bottom loss coefficient, 
Us: is the side loss coefficient. 
 
 
3.9.1 The top loss coefficient “Ut” 
The top loss coefficient Ut is evaluated by considering convection 
and radiation losses from the absorber plate in the upward direction it can 
be calculated by using Klein’s empirical equation for top loss coefficient 
[11]: 
( )( ) ( )
( )( )
( ) ( ) ⎥⎥
⎥⎥
⎦
⎤
⎢⎢
⎢⎢
⎣
⎡
−−++−+
++
+
⎥⎥⎦
⎤
⎢⎢⎣
⎡ ++−=
−
NfN
N
TTTT
hwfNTTTC
NUt
gpp
apmapm
apmpm
εεε
σ
12
105.0
1
1
//
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1
33.0
    (3.27) 
 
Where: 
N    =   Number of glass covers: 
Tpm = the mean absorber plate temperature in K. calculated as Tf + 
10°C for liquid heating collectors operating at flow rates of 
0.01 to 0.02 kg/m2s. 
Ta =   the ambient temperature in K, 
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σ = Stefan – Boltzman constant = 5.67 x 10-8 W/m2 k4,  
εp = the emissivity of the absorber surface = 0.95, 
εg = the emissivity of the cover plate = 0.88 
f = (1-0.04 hw + 0.0005 hw2) (1+0.091 N) 
hw = the convective heat transfer coefficient due to wind at the top 
cover in W/m2K, forced convection conditions over building is calculated 
as  
hw = 8.6 V0.6 L0.4  
Where V = is the wind speed in m/s, hourly, or average wind speed; the 
average wind speed Vaverage = 2m/s, therefore hw = 11.39 W/m²K 
 
f = 0.665 
C = 365.9 (1-0.00883Po + 0.0001298 Po2)  
Therefore C = 311.72 
 
Equation (3.27) had been developed under the flowing conditions: 
320 ≤ Tpm ≤ 420 k 
260 ≤ Ta ≤ 310 k 
0.1 ≤ εp ≤ 0.95 
0 ≤ V ≤ 10 mls  
1 ≤ N ≤ 3 
0 ≤ β ≤ 90o  
 
3.9.2 The Bottom Loss Coefficient ‘Ub’: 
The bottom loss coefficient is evaluated by considering conduction 
and convection losses from the absorber plate in the downward direction 
through the bottom of the collector. 
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It will be assumed that the flow of heat is steady and one 
dimensional. In most cases the thickness of insulation provides is such 
that the thermal resistance is associated with conduction domination. 
Thus neglect the convective resistance at the bottom surface of the 
collector.  
Ub can be calculated as: 
b
b x
ikU δ=         (3.28) 
Where ki = the thermal conductivity of the insulation, equals 0.044W/mK 
δb= thickness of insulation, equals 10cm. 
Therefore, Ub = 0.44 W/m2 K. 
 
3.9.3 The side loss coefficient ‘Us’: 
As in the case of the bottom loss coefficient, it will be assumed that 
conduction resistance dominates and the flow of heat is one-dimensional 
and steady. Us can be calculated as: 
  
( )
i
i
s xLL
kLLLU
21
321 +=       (3.29) 
 
Where: 
L1 = the length of the absorber plate in m = 1.4m, 
L2 = the width of the absorber plate in m = 0.66m, 
L3 = the height of the collector casing in m = 0.18 m 
Therefore, Us = 0.177 W/m2 K 
 
3.10 The Rate of Heat Loss ‘qI’: 
The rate of heat loss, qI ,is the rate at which heat is lost by 
convection and re-radiation from the top and by conduction and 
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convection from the bottoms and sides. It is measured in W and 
calculated by: 
qi = qt + qb + qs       (3.30) 
Where qt = the rate at which heat is lost from the top, and is calculated 
by: 
qt = Ut Ap (Tpm – Ta)      (3.31) 
 
qb = the rate at which heat is lost form the bottom, and is calculated by: 
qb = Ub Ap (Tpm – Ta)      (3.32) 
 
qs = the rate at which heat is lost forms the sides, and is calculated by: 
qs = Us Ap (Tpm – Ta)      (3.33) 
 
Ap = the area of the absorber plate in m2 = 0.924 m2  
 
3.11 The Useful Heat Grain ‘qu’: 
The useful heat gain is the useful heat collected by the collector i.e. 
the rate of heat transfer to the working fluid and measured in W, and can 
be calculated by an energy balance on the absorber plates. 
qu = Ap S – qL      (3.34) 
 
3.12 The Instantaneous Collection Efficiency ‘ηi’: 
The instantaneous collection efficiency ηi is the measure of the 
collector performance, and is defined as the ratio of the useful gain over 
any period to the incident solar energy over the same period, and can be 
calculated by: 
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Tp
u
i IA
q
collectortheonincidentradiation
gainheatUsefull ==η  (3.35) 
 
Where: 
IT = the flux incident on the top cover of the collector, and is calculated 
by  
IT = Ib rb + Id rd + (Ib + Id) rr    (3.36) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 27
Chapter Four 
The Experimental Set-up 
 
4.1 Introduction: 
The function of a solar collector designed for the conversion of 
energy from the sun into heat depends on the selected shape and method 
and on the arrangements for the prevention of heat losses from the 
collector surfaces. 
A wide range of different configurations and types of solar 
collectors are available. It is therefore essential for the intending user to 
understand the relevant advantages and drawbacks of the application [6]. 
 
This is a summary of salient features of flat plate collectors [6]: 
- The transmission coefficient of the glazing or other cover must 
be as good as possible. 
- Heat losses from the collector must be minimized. 
- The absorber of flat plate coating must be good quality and, if 
possible, elective, so that: 
• The absorption co-efficient is a maximum. 
• The emission co-efficient for long-wave is a minimum. 
- The operating temperatures must be kept as steady as possible 
and at a usable level to avoid peaks and unnecessary consequent 
heat loss. 
- The materials employed the fabrication of flat plate collectors 
for hot water supply application must: 
• Be able to withstand exposed temperature difference of 
not less than 1750C. 
• Be ultra-violet stable, suffering little or no decay from 
continual exposure to sunlight. 
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• Possess fire resistance qualities complying fully with 
local authority building regulations. 
• Be able to hold firm against wind. 
• Be fully accessible for maintenance purposes. 
• Be as light in weight as possible for their application. 
 
4.2 The transparent Covers: 
Transparent covers may be of glass or plastic, arranged in single, 
double or multiple layers to provide a greenhouse effect. Glass has a 
higher transmittance factor than most other transparent materials and is 
thus favored. It does not suffer from corrosion or ultra-violet instability. It 
has a considerable life, reasonably cheap and, with care, easily handled. 
[6] 
 The specification of a typical good quality glass cover is: 
Materials: 3 to 4 mm glass plate. (The thicker glass will stand up to 
rougher handling, 3mm thickness is widely used specifically in this 
experiment. 
Solar radiation transmission: 92% 
Solar radiation absorption: 2% 
 
4.3 The selective Surfaces:  
Absorber plate surfaces which exhibit the characteristics of a high 
value of absroptivity for incoming solar radiation and a low value of 
emissivity for out-going re-radiation are called selective surfaces. 
The characteristics desired for an ideal selective surface (αλ=ελ = 1 
for λ<4 µm and αλ=ελ = 0 for λ > 4 µm). The development of selective 
surfaces on various metal substances has been the subject of intensive 
work for the last twenty years. As a result, a number of surfaces having 
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characteristics approaching those of an ideal surface have been 
synthesized and a few have been commercialized. In most of these 
surfaces, the selectivity is achieved by having a polished metal base and 
coating it with a thin surface layer which is transparent to long 
wavelengths but highly absorbing for small wavelength solar radiation. 
The thin surface layer is only about 0.1 µm in thickness, and is deposited 
by chemical treatment or by electroplating. Surface layers made of copper 
oxide, “nickel black” and “black chrome” has been found to be the most 
suitable from a practical standpoint and is being used on a commercial 
scale. Some selective surfaces are also available in the form of tape, 
which can be stuck to the absorber plate [2].  
Finally, a selective surface should also posses the following 
characteristics [6]: 
1. It should be able to withstand the temperature levels associated 
with the absorber plate surface of a collector over extended 
periods of time. It should also be able to withstand any short-
tern temperature rise which may occur when no useful heat is 
being removed. 
2. Its properties should not change with use. A significant 
degradation in the values of α and εp has been observed in the 
case of some selective coatings, largely due to the effect of 
exposure to atmospheric humidity. 
3. It should be able to withstand atmospheric corrosion and 
oxidation. 
4. Its cost should be reasonable. 
 
In this experimental collector a non-selective surface with both 
high absorptivity and low emissivity was used. It was preferred because 
of its availability and low cost. 
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4.4 Spacing: 
From the point of view of the heat loss from the top, the proper 
spacing between the absorber plate and the transparent cover must be 
such that the values of the convective heat transfer coefficients are 
minimized. The spacing at which the minimum and maximum values 
occur varies with the temperature difference. They also vary with the tilt. 
Since the collectors are designed to operate at different locations with 
varying tilts and under varying service conditions and optimum value of 
spacing is difficult to specify. It appears best to use a sufficiently large 
spacing away from the local minimum and maximum spacing from 4 to 
8cm have been suggested from its point of view. The main problem 
associated with the use of larger spacing is that shading of the absorber 
plate by the side walls of the collector casing increases. For this reason, 
spacing of 2 or 3cm between the covers are generally used by all 
manufactures [2]. 
 
4.5 Collector Tilt: 
Flat-plate collectors are normally fixed in one position and do not 
track the sun. 
The most efficient orientation for the collector is facing south, but the tilt 
angle differs with the nature of energy demand. For water heating, the 
optimum tilt is calculated as for the maximum wintertime heat collection. 
The winter time heat collection is maximized at a tilt equals the latitude 
plus 15o [2]. 
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4-6 Material of construction and sizing: 
To construct solar cooker, it is important to identify the principal 
requirements for the successful use of solar cooker in the less developed 
areas of the world. They may be summarized as follows [1]: 
a) The unit must cook food effectively; it must therefore provide 
energy at a sufficient rate and temperature to properly cook 
desired quantities and type of food. 
b) It must be sturdy enough to withstand rough handling, wind and 
other hazards. 
c) It must be sociologically acceptable and fit in with the cooking 
and eating habits of the people, i.e. provide for cooking to be 
done in the shade and if possible at times when the sun is not 
shining. 
d) If must be possible for the user to obtain a cooking unit at a 
sufficiently low cost for him to realize financial saving by its 
use. 
 
This experiment is made in order to develop an indirect solar 
cooker by using a flat plate collector by using peanut oil as a heat transfer 
media fig (4.1 ) shows the solar cooker which consist of: 
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Fig.(4.1) The Experimental Solar Cooker 
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4.6.1 Flat plate collector: 
The experiment has been done on a small flat plate collector 
erected on the roof of the north building of the Faculty of Engineering, of 
Khartoum University. The flat plate collector is composed of the 
following items:  
4.6.1.1 The Absorber Plate: 
The absorber plate material should have high thermal conductivity, 
adequate tensile and compressive strength, and good corrosion resistance. 
Copper is generally preferred because of its extremely high conductivity 
and resistance to corrosion. 
For the experimental collector, mild steel was chosen, because it is 
much cheaper and more available than copper. It also has high 
absorptivity and is very easily to paint. [7]  
The properties of mild steel are: 
Density  7833 Kg/m3 
Specific heat  0.465 kJ/kgoC 
Thermal conductivity  54 W/moC 
 
A one mm thick mild steel sheet with dimensions 1.4mx 0.66m was used. 
 
4.6.1.2 The cover plate: 
The characteristics of the cover plate through which the solar 
energy is transmitted are extremely important in the function of collector. 
The function of cover plates are [7]: 
1) To transmit maximum solar energy to the absorber plate. 
2) To minimize upward heat loss forms the absorber plate to the 
environment. 
3) To shield the absorber plate from direct exposure to weathering 
the most critical factors for the cover plate materials are the 
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strength durability, non-degradability and solar energy 
transmittance. 
The properties of glass are [7]: 
Index of refraction =1.518 
Normal incident short wave 
Transmittance (λ = 0.4 – 2.5µm) = 0.840 
Normal incident long-wave 
Transmittance (λ = 2.5 – 40µm) = 0.020 
Density =2.489 x 103 kg/m3  
Specific heat =0.754 x 103 J/kgK 
 
A 5mm thick sheet of glass with dimensions 
 1.55 x 0.69m was used for the cover plate for the experimental 
collector. 
 
4.6.1.3 The circulating pipes: 
The materials for the circulating pipes are steel, Aluminum and 
copper. 
The choice of the materials is made purely on the basis of corrosion 
resistance, ease of fabrication and cost. The thermal conductivity of the 
tube material has negligible effect on the efficiency of solar heaters 
because the heat is being conducted radically in ward into the tube [8]. 
The tubes range in diameter from 1 to 1.5cm. The header and 
footer pipes which lead the water or oil in and out of the collector and 
distribute it to the tables are made of the same metal as the tubes and are 
of slightly larger diameters [9].  
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Galvanized steel tubes with diameter 0.5 inch were soldered to the 
bottom of the absorber plate, and soldered to the header and footer tubes 
witch are of diameter 1 inch. The distance between any two tubes is 0.1m. 
 
4.6.1.4 Insulation: 
Several thermal insulating materials which can be used to reduce 
heat losses from the absorbing plate and pipe are commonly available. 
The desired characteristics of an insulating material are:  
Low thermal conductivity, stability at high temperature (up to 
200oC), no degassing up to around 200oC, self – supporting feature 
without tendency to settle, ease of application, no contribution in 
corrosion.. Crown white wool, spintex 300 industrial, glass wool and 
calcium silicate are classified as good insulating materials for the solar 
collector [7]. 
Glass wool was the best to choose for the experimental collector 
because it is of reasonable cost and availability. 2 inches thick, 3m2   of 
glass wool were used for the insulation on the bottom and sides of the 
absorber plate. 
The proportions of the Glass wool are: 
Thermal conductivity at 200°C = 0.044 W/m°C 
Density = 48 kg/m3 
No out gassing, no sagging occurs, its color not changes. 
 
4.6.1.5 Supportive Structure: 
The structure of a solar collector is generally fabricated from 
Aluminum, steel, wood and few collectors use fiberglass construction. 
Any of these materials can be fashioned into an attractive durable 
structure. 
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Wood was a good choice for the supportive structure of the solar 
collector because wood is a good insulator of heat, so the heat losses will 
be redused. Wood costs less than metals. Because of corrosion, metals 
need treatment but wood does not. Wood is also easier in application. 
For the experimental solar collector, a wooden rectangular open 
box with the side walls of dimensions 159m x 0.74 x 0.18 made from ply 
wood, and the bottom is a sheet of Masonite with the same length and 
width, and of 1mm thickness. 
 
4.6.1.6 The construction of the collector: 
The bottoms and sides of the box were covered with the glass 
wood. The absorber plate with the steel pipes well soldered to it, it is then 
put inside the supportive structure. The glass cover was attached to the 
box 8 cm above the absorber plate. Two small openings were made at the 
sides of the box for the header and footer pipes. 
 
4.6.2The Stand: 
The stand over which the collector stands is of steel and was 
chosen because of its low cost, easier in shaping and available. 
The steel is shaped into a rectangular shape with the same 
dimensions as the box. A steel leg is soldered at every corner of he 
rectangle, with the two front legs shorter than the others so as to hold the 
collector inclined at the tilt angle. The height of the back legs and the 
distance between the front and back legs were calculated as follows: 
Since the legs stand vertically at a right angle, 
The tilt angle = 30o  
The length of the stands = 159 cm 
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 X: is the difference in height between the front and back legs, 
 Y: is the distance between the front and back legs. 
  X = 159 x sin 30o  
     = 159 x 0.5 
     = 79.5 cm ≈ 80 cm 
  Y = 159 x cos 30 
        = 159 x 0.866 
       = 137.7 cm    ≈  138 cm 
 
The height of the front legs was made30 cm above ground level so 
as to make the piping easier. 
Therefore, the height of the back legs: 
  = 79.5+30 
  =109.5 cm 
  = 110 cm = 1.1 m 
 
4.6.3 The control system: 
The control system consists of manual valves on the upper header 
and lower footer to permit the collector to be drained. 
The upper one in a horizontal pipe is a non return valve which permits the 
fluid to pass from the collector to the cooker. After this valve there is a 
relief valve fixed on 10 cm vertical pipe at the top of all pipes used to 
release gas bubbles when formed. 
 
 
X 
Y 
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4.6.4 The Cooker: 
It consists of: 
4.6.4.1 The Box: 
It is a wooden square box with dimension of 60x60x40 cm3 and is 
made of a sheet of mosonite because it is cheaper, easier to shape and 
good insulator, the box has a masonite cover which can be closed tightly 
and opened easily. The box and its cover were painted to protect them 
from the environmental factors. 
 
4.6.4.2 The Cylinder: 
It is a steel cylinder with 40 cm diameter and 33 cm high and is 
erected in the centre of the box. The space between the cylinder and the 
box is filled with wood chips as an insulator. 
 
4.6.4.3 The Coil: 
A 0.5 inch diameter copper tube is coiled around the pot inside the 
cylinder and is fitted with the header and footer pipes. The copper was 
chosen because it is cheaper, good conductor and easy to shape. 
 
4.7 Experimental Condition: 
 - The experiments were carried out on the 16th, 19th, 30th and 31st of 
October. The experimental solar collector was placed on the roof of the 
north building of the Faculty of Engineering, University of Khartoum. 
 
4.8 Objectives of the Experiments: 
 - To test the possibility of using peanut oil as heat transfer media. 
- To predict the performance of the system during the day and 
record the peak temperatures reached. 
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4.9 Instruments Used: 
1. A mercury-in-glass thermometer used to measure the ambient 
and water temperatures. 
2. A thermometer fixed on the pipe at entry to the cooker to 
measure the oil temperature.  
 
4.10 Procedure: 
o One liter of water was put in the pot which is placed on 
the cooking coil. 
o The pipes of the system were filled completely by the 
peanut oil. 
o The oil in the pipes of the solar collector was heated by 
the absorbed solar radiation. 
o After a while, natural circulation took place through 
changes of density of oil caused by heat absorbed from 
solar radiation. 
o The natural circulation continued and the oil temperatures 
were measured and recorded at an hour interval. 
o The ambient temperatures are also measured and 
recorded every hour. 
o A relief valve fitted at the highest point of the system is 
opened every now and then to get rid of gas bubbles to 
ensure continuity of flow of the oil in the thermo-syphon 
system. 
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Chapter FIVE 
Results and Discussion 
Experimental work was carried out in two stages, namely: 
a) First stage during two days of October 16th and October 19th  with 
water used as heat transfer fluid  
b) Second stage during two days of October 27th and 31st  with peanut 
oil used as heat transfer fluid 
Collected data during the two stages are shown in table 5.1.a to 5.4.a for 
first stage with water used as heat transfer fluid; and second stage are 
shown in table 5.1.a to 5.4.b, with peanut oil used 
5.1 The Ambient Condition 
Table 5.1.a The results of the recorded radiation and measured 
temperatures by using water 
i. Date 16/10/2004      
Time Ta (°C) Tw1(°C) T w2(°C) It (W/m²) Id (W/m²) Ib (W/m²) 
09:00 34 35 48 351.1 175.75 175.35 
10:00 35 38 51 556.27 205.9 350.38 
11:00 36 50 59 733.2 206.59 526.61 
12:00 38 59 69 850.94 200.94 649.99 
13:00 38 62 73 888.05 198.94 689.11 
14:00 38 61 75 837.66 201.66 636 
       
 
ii. Date 19/10/2004      
Time Ta (°C) Tw1(°C) T w2(°C) It (W/m²) Id (W/m²) Ib (W/m²) 
09:00 36 35 52 418.23 189.62 228.61 
10:00 37 37 61 617.15 207.08 410.07 
11:00 38 44 75 776.81 203.6 573.21 
12:00 38 52 82 868.76 198.78 669.98 
13:00 39 61 90 876.08 198.38 677.7 
14:00 39 62 92 797.41 202.59 594.82 
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Fig.5.1: Average temperature variation of water against time of the 
day 
As shown from figure (5.1) from 9O'clock to 2O'clock the ambient 
temperature at the roof where the cooker was put (Ta) increased slightly. 
Water temperature into the pot (Tw1) and the temperature of water into the 
pipe (Tw2) increased gradually between 9 to 12 O'clock by two to three 
degrees, after 12 O'clock a significant increase noticed and the 
temperature difference reached 8ºC to 10 ºC. This increase continued until 
1 o'clock after that the rate of temperature rises become dropped sharply 
and was observed to vary between 1ºC to 2ºC only. 
The highest increase after 12 O'clock occurred due to the highest intensity 
of solar radiation during that period. 
The huge difference between temperature of water in the pipes of the 
collector (Tw2) and temperature of the water in the cooking pot (Tw1) was 
due to poor heat transfer between the two media. This may be attributed 
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to the improper insulation of the pot and pipes from the surroundings 
(wood chips were used as insulation in this case). 
 
Table 5.1.b The results of the recorded radiation and measured 
temperatures by using peanut oil  
i. Date 30/10/2004      
Time Ta (º C) Tw(º C) Toil(º C) 
It 
(W/m²) Id (W/m²) Ib (W/m²) 
09:00 30 29 34 333.03 168 165.03 
10:00 33 32 50 533.99 198.44 335.54 
11:00 34 35 62 706.94 199.35 507.59 
12:00 36 40 70 821.08 193.92 627.15 
13:00 37 58 82 855.27 192.08 663.18 
14:00 38 60 88 803.07 194.89 608.19 
       
 
ii. Date 31/10/2004      
Time Ta (º C) Tw(º C) Toil(º C) It (W/m²) Id (W/m²) Ib (W/m²) 
09:00 31 32 34 331.47 167.37 164.1 
10:00 34 34 48 532.12 197.89 334.23 
11:00 34 38 65 704.83 198.84 505.99 
12:00 37 46 72 818.81 193.42 625.39 
13:00 38 54 81 852.92 191.59 661.34 
14:00 38 60 72 80.75 194.39 606.36 
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Fig.5.2: Average temperature variation of the oil against time of the 
day 
 
As shown from figure (5.2) between 9 to 2 O'clock the ambient 
temperature (Ta) increased slightly, but the water temperature into the pot 
(Tw) increased gradually, the maximum temperature difference was 
obtained during the time interval between 12 to 1 O'clock, and the 
difference obtained varied between 8 to 18ºC. 
Although solar radiation intensity (Ib) decreased remarkably after 1 
O'clock, the oil temperature into the pipe (Toil) increased significantly and 
varied between 6-12ºC this may be due to thermosyphoning effect. 
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Fig.5.3: Comparison of pot water temperature which using water and 
peanut oil as collector fluid during one day 
 
Figure (5.3) shows a comparison between water temperature into the pot 
one day time; when using water as heat transfer fluid (Tw2) and then using 
peanut oil (Tw). 
It was found using of water as heat transfer fluid gave increase in the 
temperature of water into the pot slightly greater than that obtained when 
using peanut oil. This may be due to the fact that the weather condition at 
the days of experiments for both fluids differed slightly. 
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5.2 The Solar Angles & Tilt Factor 
The values of incident angle (θ), altitude angle (α), zenith angle (θz) and 
the ratio of beam radiation flux (rb ) are calculated by using equations  
(3.4), (3.5), (3.6) and (3.10) respectively. The values of these variables 
were tabulated below. 
 
Table 5.2.a The calculated values of the solar angles & tilt factor by 
using water 
i.       
N=289 16/10/2004      
δ=-9.96608112       
Time  ω(hr)  ω° θ° α° θz° Rb 
09:00 -4 -60 58.636 25.524 64.476 1.208 
10:00 -3 -45 44.152 38.896 51.104 1.143 
11:00 -2 -30 29.694 51.178 38.822 1.115 
12:00 -1 -15 15.479 60.944 29.056 1.102 
13:00 0 0 5.034 65.034 24.966 1.099 
14:00 1 15 15.479 60.944 29.056 1.102 
 
ii.        
N=292 19/10/2004      
δ=-11.0485172       
Time  ω(hr)  ω° θ° α° θz° Rb 
09:00 -4 -60 58.425 25.113 64.887 1.234 
10:00 -3 -45 43.949 38.371 51.629 1.160 
11:00 -2 -30 29.470 50.481 39.519 1.129 
12:00 -1 -15 15.134 60.011 29.989 1.115 
13:00 0 0 3.951 63.951 26.049 1.110 
14:00 1 15 15.134 60.011 29.989 1.115 
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Table5.2.b The calculated values of the solar angles & tilt factor by 
using peanut oil 
i.  
N=303 30/10/2004     
δ=-14.7443324      
Time  ω(hr)  ω° θ° α° θz° Rb 
09:00 -4 -60 57.796 23.652 66.348 1.328 
10:00 -3 -45 43.415 36.488 53.512 1.222 
11:00 -2 -30 28.974 47.996 42.004 1.177 
12:00 -1 -15 14.497 56.764 33.236 1.158 
13:00 0 0 0.256 60.256 29.744 1.152 
14:00 1 15 14.497 56.764 33.236 1.158 
 
ii.        
N=304 31/10/2004      
δ =-15.0560293       
Time  ω (hr)  ω° θ° α° θz° Rb 
09:00 -4 -60 57.750 23.525 66.475 1.337 
10:00 -3 -45 43.381 36.323 53.677 1.227 
11:00 -2 -30 28.951 47.780 42.220 1.182 
12:00 -1 -15 14.484 56.486 33.514 1.161 
13:00 0 0 0.056 59.944 30.056 1.155 
14:00 1 15 14.484 56.486 33.514 1.161 
 
In Table 5.2.a the incident angle θ and the zenith angle θz decreased 
gradually till the peak point at 1O'clock after that they increased. The 
ratio of beam radiation flux (rb) did not change because it is the ratio 
between cos θ/cos θz  
However the altitude angle α increased gradually till the same peak point 
after that it decreased. 
The same sequence of events in the value of θ and θz  occurred  is the case 
when using peanut oil as shown in table 5.2.b. 
 
 47
5.3 The Transmisivty 
The values of angle of refraction (θr), the perpendicular reflection ratio 
(rΙ), the parallel reflection ratio (rΠ), the reflection transmittance (ζr), the 
apsorbtance transmittance (ζa) , the beam radiation transmittance (ζb) and 
the transmissivity-absorbtivity product for beam radiation (ζa)b are 
calculated by using equations (3.16),(3.14),(3.15),(3.13),(3.17) and (3.18) 
respectively. The values of these variables were tabulated in Tables 
(5.3.a), (5.3.b) below. 
Table 5.3.a The values of transmissivity by using water 
i.         
N=289 16/10/2004       
δ=-9.96608112        
θ° θr rΙ rΠ ζr ζa ζb (ζα)b 
55.636 32.747 0.151 0.409 0.578 0.915 0.529 0.506
44.152 27.159 0.085 0.261 0.714 0.919 0.656 0.628
29.694 18.942 0.035 0.117 0.861 0.924 0.796 0.761
15.479 10.072 0.009 0.031 0.961 0.927 0.890 0.852
5.034 3.296 0.001 0.003 0.996 0.928 0.924 0.884
15.479 10.072 0.009 0.031 0.961 0.927 0.890 0.852
        
ii.         
N=292 19/10/2004       
  δ=-11.0485172        
θ° θr r1 r2 ζr ζa ζb (ζα)b 
58.425 33.938 0.172 0.447 0.544 0.914 0.497 0.476
43.949 27.052 0.084 0.259 0.716 0.919 0.659 0.630
29.47 18.808 0.034 0.116 0.863 0.924 0.798 0.763
15.134 9.851 0.008 0.030 0.962 0.927 0.892 0.853
3.951 2.588 0.001 0.002 0.997 0.928 0.925 0.885
15.134 9.851 0.008 0.030 0.962 0.927 0.892 0.853
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Table 5.3.b The values of transmissivity by using peanut oil 
i.        
N=303 30/10/2004       
δ=-14.7443324       
θ° θr r1 r2 ζr ζa ζb (ζα)b 
57.8 33.677 0.167 0.438 0.552 0.914 0.504 0.483
43.42 26.771 0.082 0.253 0.722 0.919 0.664 0.636
28.97 18.506 0.033 0.112 0.868 0.924 0.802 0.767
14.5 9.444 0.008 0.028 0.965 0.927 0.895 0.856
0.26 0.170 0.000 0.000 1.000 0.928 0.928 0.888
14.5 9.444 0.008 0.028 0.965 0.927 0.895 0.856
28.97 18.506 0.033 0.112 0.868 0.924 0.802 0.767
43.42 26.771 0.082 0.253 0.722 0.919 0.664 0.636
        
 
ii.         
N=304 31/10/2004       
δ=-15.0560293       
θ° θr r1 r2 ζr ζa ζb (ζα)b 
57.75 33.656 0.167 0.438 0.553 0.914 0.505 0.483
43.38 26.749 0.082 0.252 0.723 0.919 0.665 0.636
28.95 18.494 0.033 0.111 0.868 0.924 0.802 0.767
14.48 9.431 0.008 0.028 0.966 0.927 0.895 0.856
0.056 0.037 0.000 0.000 1.000 0.928 0.928 0.888
14.48 9.431 0.008 0.028 0.966 0.927 0.895 0.856
28.95 18.494 0.033 0.111 0.868 0.924 0.802 0.767
43.38 26.749 0.082 0.252 0.723 0.919 0.665 0.636
 
From above two tables it was found that the transmissivity – absorptivity 
product for beam radiation (τα)b increased gradually and reached its 
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maximum value at 1O'clock then decreased, which is due to the variation 
of solar radiation intensity. 
5.4 The Useful Energy & Efficiency 
The values of the top loss coefficient (Ut), the overall loss coefficient  
(UI), the rate of heat loss (qI), the useful heat gain (qu), the enegy 
absorbed by the absorber plate (S), the flux incident on the top cover of 
the collector (IT) and the instantaneous collection efficiency (ηi ) are 
calculated by using equations (3.27),(3.26),(3.30),(3.34),(3.36) and (3.35) 
respectively. The values of these variables are tabulated in Tables 
(5.4.a),(5.4.b) bellow. 
Table 5.4.aThe values of useful energy & efficiency by using 
water 
i.        
16/10/2004       
Time Ut  Ui  S qu It ηi 
 (W/m²K) (W/m²K) (W/m²) (W) (W/m²)   
09:00 5.691 6.308 231.373 73.912 380.487 0.210 
10:00 5.791 6.408 398.359 214.140 599.928 0.386 
11:00 6.049 6.666 596.158 347.586 789.736 0.476 
12:00 6.354 6.971 756.799 435.200 915.483 0.514 
13:00 6.468 7.085 806.765 450.858 954.718 0.511 
14:00 6.524 7.141 744.024 377.357 900.553 0.453 
       
ii.        
19/10/2004       
Time Ut Ui S qu It ηi 
 (W/m²K) (W/m²K) (W/m²) (W) (W/m²)   
09:00 5.822 6.439 268.578 93.467 464.564 0.218 
10:00 6.112 6.729 448.009 202.549 677.077 0.324 
11:00 6.524 7.141 641.191 282.339 847.290 0.361 
12:00 6.716 7.333 782.305 356.957 943.819 0.409 
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13:00 6.940 7.557 811.131 323.547 949.357 0.369 
14:00 6.993 7.610 712.731 215.559 862.649 0.270 
 
Table 5.4.bThe values of useful energy & efficiency by 
using peanut oil 
i. 
30/10/2004             
Time Ut  Ui  S qu It ηi 
 (W/m²K) (W/m²K) (W/m²) (W) (W/m²)   
09:00 5.172 5.789 224.477 132.532 380.429 0.377 
10:00 5.762 6.379 402.039 212.333 602.177 0.382 
11:00 6.135 6.752 602.284 319.451 793.046 0.436 
12:00 6.372 6.989 762.775 420.656 917.860 0.496 
13:00 6.708 7.325 818.394 383.948 954.478 0.435 
14:00 6.877 7.494 744.474 272.425 896.578 0.329 
       
 
 
ii.       
31/10/2004             
Time Ut  Ui  S qu It ηi 
 (W/m^2K) (W/m^2K) (W/m²) (W) (W/m²)   
09:00 5.154 5.771 224.225 137.867 379.979 0.393 
10:00 5.691 6.308 401.951 231.527 601.864 0.416 
11:00 6.221 6.838 602.223 297.405 792.824 0.457 
12:00 6.434 7.051 762.745 411.599 917.683 0.485 
13:00 6.689 7.306 818.286 398.307 954.264 0.452 
14:00 6.440 7.057 737.209 394.284 896.247 0.408 
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Fig.5.4.aThe collector efficiency against time when using water as 
heat transfer fluid one day 
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Fig.5.4.bThe average collector efficiency against time when using 
peanut oil as heat transfer fluid one day 
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From this Figure5.4.a and Figure5.4.b it was found that the maximum 
efficiency occurred at 12O'clock. This value is considered to be low 
which may be due to bad insulation. In addition to that, all the 
observations were taken towards the end of October where the radiation 
intensity is low compared with that during summer months. 
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Chapter Six 
Conclusion and Recommendations 
 
6.1 Conclusions: 
In this research work a flat plate solar collector coupled to a solar cooker 
was successfully constructed. The collector heat transfer fluid was driven 
around the system solely by the natural thermosyphoning action. From 
this research work the following conclusions are drawn:  
- Usage of peanut oil as a heat transfer media in flat plate 
collector is possible and proved to be successful. 
- Usage of flat plate collector to construct a solar cooker may be 
possible when increasing the area.of aperture.  
- During the late after noon from 15:00 O’clock onward, the 
radiation intensity level was not sufficient to overcome the 
losses, the collector should not be operating during these 
periods. 
- The peak temperature of water into the cooking pot when using 
water as heat transfer media was found to be 62°C. 
- The peak temperature of water into the cooking pot when using 
peanut oil as a heat transfer media was found to be 60°C. 
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6.2 Recommendations: 
For better performance in the future: 
- For collector: 
Design a concentrated collector considering the energy required 
to bring food to cooking temperatures. 
- For heat transfer fluid: 
Testing another vegetable oils like cotton seed oil and corn oil. 
The use of a solar driven pump is recommended so as to speed 
up the rate of flow of collector fluid. 
- For instruments: 
• Use digital thermocouples to measure more accurate 
temperature at different location. 
• use accurate instrument for measuring radiation intensity. 
- For cooker 
use a glass wool to insulate the cooker instead of a wood span.. 
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